Cancer is one of the leading causes of deaths and health debts worldwide. Novel plant extracts with anticancer properties can alleviate this disease burden. The aim of this study was to screen for new therapeutic agents with anticancer properties against a panel of four cancer cell lines. Cytotoxicity screening of aqueous and methanolic extracts from bark, fruits and leaves of Bersama engleriana was carried out on A546 cell line and the best fractions from the methanolic extract of fruits (BEfr: methanolic extracts of fruits) were performed on four cancer cell lines. Methanolic extracts from the root of Bersama engleriana gave the highest yield (21.55%). Phytochemical analysis showed that the tested methanolic extracts contained polyphenols. The F3, a fraction from the methanolic extract of fruits exhibited potent antiproliferative activities with IC 50 values of 60 ± 0.91, 53.73 ± 0.79, 50.91 ± 0.46 µg/ml on U-87MG, MG-63 and MIAPaCa-2 cells, respectively. The F3 fraction also caused death to 50% (CC 50 ) of normal HFF cells,
PUBLIC INTEREST STATEMENT
Globally, amongst the non-communicable diseases, cancer is the second leading cause of death, after cardiovascular disease. Chemotherapy is routinely used for cancer treatment. The Antimicrobial and Biocontrol Agents Unit (Cameroon), and the Cancer Biology and Inflammatory Disorder Division (India), in collaboration with the Departments of Biotechnology and Medical Biosciences of the University of the Western Cape have been actively screening plant-derived natural products for anticancer properties. Bersama engleriana, a tree occurring in forests of tropical Africa, is a typical example of such phytotherapeutic potential that can be harnessed in this way. However, the increasing application of naturalproduct-based anticancer therapies are raising concerns regarding the biosafety of their applied concentrations in humans. Our in-vitro cell-based studies provide further evidence that plant products may have potent antitumor properties with relatively few side effects. Therefore, the indigenous use of plants as herbal remedies for the treatment of cancer has a scientific basis.
Introduction
Globally, 9.6 million cancer deaths have been reported worldwide in 2018 (Bray et al., 2018) . The cancer mortality rate is exacerbated by the majority of cancer patients being diagnosed at an advanced stage of the disease Siegel, Miller, & Jemal, 2019) . The efficacies of several classes of anticancer agents (e.g. alkylating agents, antimetabolites, antibiotics and hormones) are often limited by adverse effects such as cardiotoxicity, nephrotoxicity, ototoxicity, neurotoxicity and drug resistance (Fung et al., 2018; Mannheimer, Duval, Prasad, & Gustafson, 2019) . Antitumor drugs have also been associated with the development of secondary malignancies (Benjamini et al., 2015) . All of the drawbacks presently associated with cancer chemotherapyinduced side effects are thus an impetus for the search for newer, more efficacious and bettertolerated drugs.
An intuitively plausible way to achieve this objective is to study plant-derived natural products with anticancer properties (Huang, Ju, Chang, Reddy, & Velmurugan, 2017) . Currently,~60% of all approved anticancer drugs are of plant-derived natural origin (Ngo, Okogun, & Folk, 2013; Thomford et al., 2018) . Drugs like Vinca alkaloids, taxanes and camptothecins derived from the Madagascan periwinkle plant Catharantus roseus, the Pacific yew Taxus brevifolia and the Chinese tree Camptotheca acuminata, have all improved the chemotherapeutic outcome of some cancers (Jain & Jain, 2011; Talib & Mahasneh, 2010) . Bersama engleriana (Melianthaceae), a tree occurring in forests of tropical Africa, is traditionally used in the treatment of cancer, spasms, infectious diseases, male infertility and diabetes (Amit, Vikas, Vaibhav, Vikash, & Siddhartha, 2010; Watcho, Makemdjio, Nguelefack, & Kamanyi, 2007) . Several studies have shown that methanolic extracts from various parts of Bersama engleriana possess antioxidant and antimicrobial activity (Amit et al., 2010; Kuete et al., 2008) . However, the cytotoxic activity of Bersama engleriana on cancer cell lines has not been extensively evaluated. Thus, this study aimed to evaluate the in vitro antiproliferative potential of the aqueous and the methanolic extracts and the derived fractions of the methanolic extract from Bersama engleriana against a panel of four cancer cell lines (A549, MIAPaCa-2, U-87MG and MG-63). In addition, we also evaluated whether there is a difference in response to extracts between tumor and non-cancerous human cell lines (HFF).
Materials and methods

Plant material
Fresh parts of Bersama engleriana were harvested in December 2015 in Bamendjou, Cameroon, and a voucher specimen (reference: 24725/HNC) was identified at the National Herbarium in Yaoundé. The plant parts were washed thoroughly with fresh water, shade-dried for three weeks until constant weight was attained and ground to fine powders which were stored at room temperature until used.
Preparation of extracts
One hundred grams of each plant organ powder were weighed and separately placed into 1000 ml each of absolute methanol or double distilled water, for 72 hours accompanied by occasional stirring at 25ºC. The resultant solutions were sieved and filtered through Whatman N°1 filter paper. The process was repeated three times and after each 72 hours period, the filtrates were concentrated by evaporation using a rotary evaporator (Büchi 011, Flawil, Switzerland) at 60ºC (for methanol) under reduced pressure and aqueous extracts were lyophilized using a Martin Christ Beta 2-8 lyophilizer (Germany). The methanolic concentrates were air-dried until constant weights were achieved. The final masses of the extracts were recorded and used to calculate the yield. The residues from the extracts were collected and stored at 4°C.
Yieldð%Þ ¼
Weight of crude extract ðgÞ Weight of dried plant powder ðgÞ Â100%
Phytochemical screening analysis
Phytochemical screening of the crude extracts was carried out to identify alkaloids, flavonoids, glycosides, saponins, tannins, anthocyanins, anthraquinones, polyphenols and triterpenes (Harborne, 1998 ).
Fractionation of active crude extracts (BEfr) using column chromatography
Column chromatography was used to fractionate the active crude extract (50 g). Different solvent systems of increasing polarity comprising hexane, ethyl acetate, methylene chloride and methanol served as mobile phases. The stationary phase consisted of adsorbent silica gel (100-200 mesh, Merck Chemicals). Column chromatography fractions were pooled according to their TLC profiles.
Cell lines and culture media
Human lung carcinoma epithelial cells (A549), human gliomas cells (U-87MG), human osteosarcoma cells (MG-63), pancreatic ductal adenocarcinoma cells (MIAPaca-2) and human foreskin fibroblasts (HFF) were selected for antiproliferative activities and the cells lines purchased from the American Type Culture Collection (ATCC) (Manassas, Virginia, USA). The U-87MG and MG-63 were grown in IMDM (Sigma, New Delhi, India), MIAPaca was grown in RPMI-1640 medium (Sigma, New Delhi, India), whilst A549 and HFF were grown in DMEM (Sigma, New Delhi, India). The cells lines were chosen based on the high incidence of these cancers over the 200 different types of cancer that afflict humans and are the most frequent cancer diagnosed and the leading cause of cancer death among males following by prostate cancer. Furthermore, there are the most available cancer cell lines as the cells grow faster and easy to maintain, especially MG-63, A549 and HFF cells.
These growth media were supplemented with 10% fetal bovine serum (Sigma-Aldrich, St. Louis, MO), phenol red (Thermo Scientific, New Delhi, India) and 1% penicillin-streptomycin (Sigma, New Delhi, India) and were maintained at 37ºC in a humidified atmosphere containing 95% air and 5% CO 2 .
Assessment of cell viability
The MTT cell proliferation assay was performed using 3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide. In brief, cell lines at 80% confluence were detached by trypsinization, and the cells were seeded at a density of 7 × 10 3 cells/well in a 96-well plate for each cell line and the plate incubated for 24 h at 37°C in a 5% CO 2 incubator. Stock solutions of the extracts (10 mg/ml) were prepared in 10% dimethyl sulfoxide (DMSO) and serially diluted (0-1000 µg/ml) and added to the 96-well plate containing the various cell lines. Finally, 96-well plates with the treated cells were incubated for 48 h at 37°C in a 5% CO 2 incubator. Thereafter, 100 µl of MTT for cancer cells or MTS (3-(4,5-Dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) for normal HFF cells was then added to fresh cell-culture media and incubated for an additional 3 hours. The formazan crystals formed were dissolved with DMSO (100 μl/well) and the optical density measured using a microplate reader (Thermo Scientific, USA) at 550 nm and 490 nm for MTT and MTS, respectively. The control treatment wells contained only cells. All experiments were performed in triplicate.
The inhibition percentages were determined using the formula:
Viablityð%Þ ¼ Average absorbance of test ðtreatedcellsÞ Average absorbance of controlðuntreated cellsÞ Â100%
The 50% inhibition concentrations (IC 50 ) for cancer cells and the 50% cytotoxicity concentration (CC 50 ) for normal cells were determined using GraphPad Prism version 8.0.0 for Windows, GraphPad Software, San Diego, California USA, www.graphpad.com.
Selectivity index (SI) of F3 fraction
The degree of selective toxicity of the F3 fraction towards cancer cell lines relative to the noncancerous cell line (HFF) was expressed as the selectivity indexes (SI) as outlined previously (Boyom et al., 2014) .
Selectivity IndexðSIÞ ¼ CC 50 in a non-cancer cell line ðHFFcellsÞ IC 50 in cancer cell line Â100%
Statistical analysis
Data were analyzed using two-way ANOVA using GraphPad Prism Data are expressed as mean ± SD of experiments performed in triplicate. Error bars represent the SD and *p < 0.0001, denotes significant differences between the means of the untreated and treated cells or two test groups.
Results and discussion
Yields of extraction
This study assessed the in vitro anticancer potential of extracts and derived fractions from Bersama engleriana. The plant extracts were fractionated using column chromatography. The yields of extraction varied from 14.24% (BEfr) to 21.55% (BEe), according to plant parts and extraction solvent, with the methanol extract of the stem bark giving the best yield 21.55% (BEe) compared to the other parts (Table 1) . Generally, the yield of methanolic extracts was the highest and it could be due to the high capacity of methanol to extract secondary metabolites in plant materials (Parekh, Jadeja, & Chanda, 2005) . It is known that methanol is a solvent which has a high extraction potential relative to its ability to weaken the membranes in order to extract the greatest number of secondary metabolites.
Phytochemical analysis tools
Anthraquinones, flavonoids, saponins, tannins, polyphenols and triterpenes were previously reported to be present in Bersama engleriana (Kuete et al., 2008; Tapondjou, Miyamoto, & Lacaille-Dubois, 2006) . The current results showed that all the tested extracts contained polyphenols.
Flavonoids and tannins were also present in several extracts while none of the tested extracts contained anthocyanins and triterpenes (Table 2) . This difference may be due to the composition of secondary metabolites at the harvest sites (Sampaio, Edrada-Ebel, & Da Costa, 2016) .
The Column chromatography fractions were pooled according to their TLC profiles. Based on TLC spot pattern analysis (Supplementary material, Figure S1 ), 36 fractions were grouped into 14 subfractions and low yield fractions were not tested.
Antiproliferative screening of extracts and fractions against A549 (human lung carcinoma epithelial cells)
The methanolic and the aqueous extracts and fractions from the methanolic extract of fruits were initially screened against A549 cancer cell line, using the MTT assay. Only the methanolic crude extract of fruits (BEfr) and one of its most active fraction, F3 (Table 1) were represented because BEfr and F3 activities were the greatest for both the crude extract and the tested fractions to illustrate the concentration dependency (Supplementary material, Figures S2 and S3 ). The other extracts from methanolic and aqueous extracts of either parts of the plants (Table 1) have poor antiproliferative activities when tested on the A549 cancer cell line (Table 3) . Nonetheless, IC 50 values for all the tested samples ranged from 68.95 ± 1.04 to 198.6 ± 1.29 µg/ml and 50.11 ± 1.63 to 249.9 ± 0.242 µg/ml for crude extracts and fractions derived from BEfr, respectively. BEfr was the best active extract (IC 50 = 68.95 ± 1.04 µg/ml), while the F3 a fraction from the methanolic extract of fruits (IC 50 = 50.11 ± 1.63 µg/ml) was more active than the BEfr extract (Table 3) .
The inhibition observed with extracts and fractions of B. engleriana may be attributed to endogenous phenolic compounds (Table 2) . A previous study revealed that the bark and leaves possessed flavonoids, phenols, anthraquinones and saponins which may be responsible for the observed activity (Kuete et al., 2008) . Flavonoids and tannins have been shown to possess antimutagenic and anticancer activity (Hirano, Oka, & Akiba, 1989) . The association between polyphenols and reduced cancer risk has been reported in studies that showed a decrease in cancer risk with consumption of vegetables and fruits rich with polyphenols (Ferguson, Kurowska, Freeman, Chambers, & Koropatnick, 2004) . 
Antiproliferative potential of selected fractions against other drug-resistant cancer cells and non-cancerous HFF cells
The spectrum of cytotoxicity of selected fractions from the methanolic extract of fruits (F1, F3 and F10) and the methanolic extract of fruits (BEfr) was determined in a panel of three cancer cell lines mainly U-87MG, MG-63 and MIA-PaCa2 (Supplementary material, Figures S4-S7) . The F3 fraction, a fraction from the methanolic extract of fruits was also tested against normal HFF cells (Supplementary material, Figure  S8 ). IC 50 values ranged from 47.18 ± 0.40 to 274.7 ± 1.47 µg/ml (Table 4 ). The F3 fraction was the most active (IC 50 of 60 ± 0.91, 53.73 ± 0.79 and 50.91 ± 0.46 µg/ml on U-87MG, MG-63 and MIAPaca-2 cancer cells, respectively, while the crude BEfr, was less active on MIAPaca-2, with a high IC 50 of 284.6 ± 0.72 µg/ ml. The extract was most active on MG-63 with an IC 50 of 47.18 ± 0.40 µg/ml (Table 4 ).
As previously described in Table 3 with the A549 cancer cells, the results reported in Table 4 confirm that the F3 fraction from BEfr is more active than the other extracts (Table 4 ). Moreover, the F3 fraction demonstrated the best anticancer activity against the four cancer cell lines tested (Table 4 ; Supplementary material, Figure S6 ). The fractionation of plant extracts may result in improved or loss of activity (Nwodo, Iroegbu, Ngene, Chigor, & Okoh, 2011 ). An increase in F3 activity was noticed when compared to the crude extracts (Table 4) . The difference could be explained by the fact that fractionation induced and increased the higher concentration of the principal active compounds, which presumably are responsible for the observed activity. In addition, the bioactive secondary metabolites in F3 might have been more concentrated, preserving and increasing the anticancer potency of the original extract. The increasing applications of natural-product-based anticancer therapies are raising concerns regarding the biosafety of their applied concentrations in humans (Mushtaq, Abbasi, Uzair, & Abbasi, 2018; Thomford et al., 2018) . Therefore, the safety of fraction F3 was checked on normal HFF cells.
The CC 50 of 527.4 ± 0.81 µg/ml was obtained and the selectivity indexes of 8. 78, 9.81, 10 .35 and 10.52 of the F3 fraction were obtained with U-87MG, MG-63, MIAPaCa-2 and A549 (Table 4 ). We could confirm that the 6% DMSO used here as the positive control was more toxic to all cancer cell lines than the various plant extracts and fractions tested. Furthermore, the tested cancer cell lines are less viable than the untreated cancer cell lines, but there are more viable than the cancer cell lines treated with the positive control, in all the experiments conducted (Supplementary material Figures S2-S8 ). The differences in cell viability show that the aqueous and the methanolic extracts from all parts of the B. engleriana, and mostly the fractions from the methanolic extract of fruits from B. engleriana could contribute a good anticancer compound.
Conclusion
In conclusion, we demonstrated the cytotoxic potential of the aqueous and the methanolic extracts of fruits and the fractions of the methanolic extract of fruits from Bersama engleriana against A549, MIAPaca-2, MG-63 and U-87MG cancer cell lines. We also showed the ability of the derived F3 fraction to be non-toxic to normal HFF cells as compared to the positive control. The constituents of the methanolic extract of fruits and their derived fractions, especially F3, are potentially cytotoxic and analytic purification of F3 to identify the active constituents is imperative. The significance of these preliminary findings can serve as the basis for further studies to delineate the anticancer potential of Bersama engleriana. This study supports the ethnobotanical use of Bersama engleriana for possible anticancer activity. To the best of our knowledge, the demonstrated anticancer activities of the aqueous and the methanolic extracts and the methanolic fractions of fruits in this study are being reported here for the first time. Further investigation should attempt to integrate multifaceted modes of anticancer action of the interested compounds.
